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AIR POLLUTION BY JET AIRCRAFT AT SEATTLETACOMA AIRPORT

I INTRODUCTION

MOST POLLUTION PROBLEMSPROBLEM WE FACE TODAY ARE DIRECT RESULT OF ADVANCESADVANCE
IN TECHNOLOGY IN THE AIRCRAFT INDUSTRY THISTHI IS PARTICULARLY TRUE

AS THE AIRPLANE INCREASED IN SIZE AND POWER MORE POLLUTION WAS PRO
DUCED THE ADVENT OF THE COMMERCIAL JET AIRCRAFT ATTRACTED THE ATTEN
TION OF THE PUBLIC THROUGH THE VISIBLE SMOKE PLUME AND NOISE

THE RAPID EXPANSION OF AIR TRANSPORTATION BROUGHT OTHER PROBLEMSPROBLEM TO

AIRLINESAIRLINE AND AIRPORT OPERATORS THERE WERE LAWSUITSLAWSUIT OVER VIOLATION
OF INDIVIDUAL AIR SPACE COMPLAINTSCOMPLAINT OVER FALLING OBJECTSOBJECT AND NASTY
LETTERSLETTER WRITTEN TO THE EDITOR CONCERNING TV AND RADIO INTERFERENCE

AT LOCAL AIRPORTSAIRPORT THERE WERE STRONG KEROSENE ODORSODOR SOOT FALLOUT
AND OCCASIONAL OCCURRENCESOCCURRENCE OF EYE IRRITATING SMOGS

THE SPRAWLING MAJOR AIRPORTSAIRPORT WITH EVERINCREASING NUMBERSNUMBER OF LARGE
MORE POWERFUL JET AIRCRAFT ARE THE RESULT OF TECHNOLOGICAL DEVELOP
MENTSMENT WHICH IN TURN CONTRIBUTE AIR POLLUTION

AT THE 62ND ANNUAL MEETING OF THE AIR POLLUTION CONTROL ASSOCIATION
IN NEW YORK ON JUNE 26 1968 PAPER WAS PRESENTED BY GEORGE
VERSSEN AND CHASSCHAS I THISTHI PAPER WAS ONE OF THE FIRST STUDIESSTUDIE OF

JET AIRCRAFT P01 LUTION IN THE UNITED STATES IDEASIDEA AND DATA IN THISTHI
PAPER SUGGESTED THE FORMAT FOR THE SEATTLE STUDY

IN THE PAGESPAGE THAT FOL LO SOME OF THE PROBLEMSPROBLEM OF THE JET ENGINE ARE

DISCUSSED ALONG WITH SOME EFFECTSEFFECT ON THE ENVIRONMENT PROPOSALSPROPOSAL TO

HELP TO REDUCE THE POLLUTION PROBLEM ARE ALSO DISCUSSED

II TRANSPORTATION GROWTH PATTERNSPATTERN

FIGURE DEPICTSDEPICT 30YEAR PATTERN OF PUBLIC TRANSPORTATION COVERING
DOMESTIC INTERCITY TRAVEL THE RAPID INCREASE IN AIR PASSENGER MILESMILE
AFTER THE ADVENT OF THE JET AIRCRAFT IN 1958 IS VERY APPARENT DATA
FOR FIGURE WAS TAKEN FROM INFORMATION GATHERED BY THE NATIONAL

ACADEMY OF ENGINEERING 2 PROJECTED PERIOD OF DATA EXTENDSEXTEND FROM

1970 TO 1977

ILL TECHNOLOGY INTERACTIONSINTERACTION

FIGURE REPRESENTSREPRESENT SYSTEM OF SOCIAL AND TECHNOLOGICAL ACTIVITIESACTIVITIE
CENTERED AROUND THE AIRPLANE THE INTERACTION BETWEEN THE ENVIRON
MENT AND THE ELEMENTSELEMENT OF THE SYSTEM ARE SHOWN BY THE ARROWS

MOST OF THE TECHNOLOGICAL INTERACTIONSINTERACTION OF FIGURE APPLY TO ALL MODESMODE
OF TRANSPORTATION AND NOT EXCLUSIVELY TO THE AIRPLANE THE AIRCRAFT
INDUSTRY HOWEVER IS AN EXCELLENT EXAMPLE 3
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IV PUBLIC RESISTANCE TO JET AIRCRAFT

TWO FEATURESFEATURE OF JET AIRCRAFT OPERATION CAUSE MOST CRITICISM BY THE

PUBLIC NOISE AND THE VERY OBVIOUSOBVIOU SMOKE PLUME THISTHI PAPER WILL DEAL

WITH THE PROBLEM OF AIR POLLUTION AND DISCUSSDISCUS CONTAMINANTSCONTAMINANT FOUND IN

THE JET ENGINE EXHAUST

V HISTORY OF THE SEATTLETACOMA AIRPORT

THE SEATTLETACOMA AIRPORT WAS CONSTRUCTED IN 1944 AS AN ALTERNATE

AIRPORT TO NEARBY BUSY BOEING FIELD IT WAS EXPECTED TO BE RELATIVELY
FOGFREE DUE TO ITS HIGHER ELEVATION 400 FEET ABOVE SEA LEVEL AS

COMPARED TO NEAR SEA LEVEL AT BOEING FIELD 4 THE ORIGINAL TERMINAL

BUILDING WAS COMPLETED IN LATE 1949 AND MOST COMMERCIAL CARRIERSCARRIER TRANSTRAN
FERRED THEIR OPERATIONSOPERATION TO THE NEW LOCATION AT THAT TIME AS THE AIR

TRANSPORTATION BUSINESSBUSINES BOOMED IN THE TWENTYYEAR PERIOD FOLLOWING THE

OPENING OF THE AIRPORTMANY PHYSICAL CHANGESCHANGE TOOK PLACE ON THE FIELD
THE ORIGINAL MAIN RUNWAY WAS DOUBLED IN LENGTH AND NEW PARALLEL ONE
IS IN THE PROCESSPROCES OF BEING COMPLETED THE AIRPORT ADMINISTRATION

BUILDING WHICH HAD BEEN PREVIOUSLY EXPANDED MANY TIMESTIME IS NOW IN THE

PROCESSPROCES OF MASSIVE EXPANSION

VI AIR TRAFFIC STATISTICSSTATISTIC FOR SEATTLETACOMA
AIRPORT 1960 TO 1969

THE NUMBER OF COMMERICAL FLIGHTSFLIGHT FROM SEATTLETACOMA AIRPORT HAS NEARLY
DOUBLED BETWEEN THE YEARSYEAR 1960 TO 1969 EXCEPT FOR THE YEARSYEAR 1969 AND

1963 TRAFFIC FIGURESFIGURE CLIMBED STEADILY FROM YEAR TO YEAR THESE FIGURESFIGURE
DO NOT INCLUDE ITINERANT OR MILITARY TRAFFIC 5 THE LATTER TYPESTYPE OF

AIR TRAFFIC WHILE NOT INCONSEQUENTIAL ARE TOO VARIABLE TO BE INCLUDED

IN THISTHI STUDY FIGURE IS GRAPH OF COMMERCIAL AIR TRAFFIC AT
SEATTLETACOMA AIRPORT DURING THISTHI PERIOD

VII EMISSION CHARACTERISTICSCHARACTERISTIC OF JET AIRCRAFT ENGINESENGINE

JET AIRCRAFT ENGINESENGINE EMIT THE SAME TYPE OF ATMOSPHERIC CONTAMINANTSCONTAMINANT AS

CAR TRUCK AND BUS ENGINES GASEOUSGASEOU EMISSIONSEMISSION ARE COMPOSED PRINCIPAL IY

OF CARBON MONOXIDE AND HYDROCERBONS OTHER MAJOR GASEOUSGASEOU POLLUTANTSPOLLUTANT
ARE OXYGENATED ORGANIC COMPOUNDSCOMPOUND AND OXIDESOXIDE OF NITROGEN LEVELSLEVEL OF THE

LATTER VARY DURING SIMILAR OPERATING MODES CARBON IS AN IMPORTANT
PARTICULATE EMISSION WHICH IS FOUND IN THE FORM OF SMOKE THE MAJOR
PARTICULATE EMISSION IN JET ENGINE EXHAUST 6 ENGINE SMOKE IS COM
POSED FOR THE MOST PART OF FINE PARTICLESPARTICLE OF NEARLY PURE CARBON WITH

DIAMETERSDIAMETER OF 06 MICRON OR LESS THE COMBINATION OF SIZE AND COMPO
SITION GIVESGIVE SUBSTANTIAL LIGHTSCATTERING PROPERTIESPROPERTIE TO THE EXHAUST

PLUME AEROSOL EMISSIONSEMISSION IN THE FORM OF WATER DROPLETSDROPLET UNBURNED FUEL
AND SOOT PARTICLESPARTICLE ARE DIFFICULT TO MEASURE BECAUSE OF POSSIBLE SAM
PLING VARIATIONSVARIATION 7
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FUELSFUEL CONTAIN SULFUR IMPURITIESIMPURITIE WHICH CAUSE SULFUR COMPOUNDSCOMPOUND IN THE

COMBUSTION PRODUCTSPRODUCT OF MOTOR VEHICLESVEHICLE AND AIRCRAFT SINCE THESE

SULFUR COMPOUNDSCOMPOUND ARE PRESENT ONLY IN VERY SMALL QUANTITIESQUANTITIE IN THE

ENGINE EXHAUST THEY ARE ONLY OF MINOR CONCERN IN THE TRANSPORTATION

RELATED AIR POLLUTION PROBLEM 6
VIII TURBINE ENGINE ODORSODOR

THERE ARE CERTAIN CHARACTERISTIC ODORSODOR PRODUCED BY THE OPERATION OF

TURBINE POWERED AIRCRAFT HOWEVER IT HAS NOT BEEN POSSIBLE SO FAR

TO RELATE THESE ODORSODOR TO SPECIFIC CHEMICAL COMPOUNDSCOMPOUND OR CLASSESCLASSE OF

COMPOUNDSCOMPOUND ISOLATED FROM SAMPLESSAMPLE OF THE TURBINE EXHAUST

IX COMPARISON OF AUTOMOBILE AND AIRCRAFT ENGINE EMISSIONSEMISSION

TABLE SHOWSSHOW COMPARISON OF AUTOMOBILE AND AIRCRAFT ENGINE EMISSIONS

THE EMISSION INDEX REPRESENTSREPRESENT THE NUMBER OF POUNDSPOUND OF POLLUTANT PER

THOUSAND POUNDSPOUND OF FUEL THE RADIAL PISTON ENGINE PRODUCESPRODUCE CONSIQERA
BLY MORE CARBON MONOXIDE AND HYDROCARBONSHYDROCARBON THAN THE AUTOMOBILE ENGINE
THE JET ENGINE PRODUCESPRODUCE ONLY ABOUT 5 OF THE CARBON MONOXIDE AND 17
OF THE HYDROCARBONSHYDROCARBON PRODUCED BY THE AUTOMOBILE ENGINE ON THE AVERAGE

THE AUTOMOBILE ENGINE EMITSEMIT THE MAXIMUM AMOUNT OF OXIDESOXIDE OF NITROGEN

NEARLY 10 TIMESTIME AS MUCH AS THE JET ENGINE AND RADIAL PISTON ENGINE
ALL THREE ENGINE TYPESTYPE PRODUCE SIMILAR AMOUNTSAMOUNT OF PARTICULATE MATTER

X COMPARISONSCOMPARISON OF DAILY CONTAMINANT EMISSIONSEMISSION
IN LOS ANGELESANGELE COUNTY

TABLE COMPARESCOMPARE AVERAGE CONTAMINANT EMISSIONSEMISSION FROM COMBUSTION OF

FUELSFUEL BY MOTOR VEHICLESVEHICLE POWER PLANTSPLANT AND JET ENGINESENGINE IN LOS

ANGELESANGELE COUNTY FOR 1969 I UNDER POWER PLANTSPLANT PERIOD REPRESENTSREPRESENT
DATA FOR THE SEVENMONTH PERIOD BETWEEN APRIL 15 AND NOVEMBER 15

INCLUSIVE PERIOD REPRESENTSREPRESENT DATA FOR THE REMAINDER OF THE YEAR
WINTER AVERAGE DAILY EMISSIONSEMISSION ARE LISTED IN TONSTON PER DAY

DAILY AVERAGE TOTALSTOTAL INDICATE THAT JET AIRCRAFT EMISSION IS ABOUT 1
OF THE MOTOR VEHICLE AND ABOUT 12 THAT OF POWER PLANT EMISSION
IF CARBON MONOXIDE EMISSIONSEMISSION ARE DISREGARDED JET AIRCRAFT EMISSIONSEMISSION

ARE 35 THOSE OF THE AUTOMOBILE ENGINE AND 37 OF POWER PLANT TOTALS

HIGHEST EMISSION RATIOSRATIO OCCUR UNDER PARTICULATESPARTICULATE WITH THE JET AIR
CRAFT REACHING 25 OF THE MOTOR VEHICLE TOTAL AND OVER TIMESTIME THE

POWER PLANT AVERAGE THE FIGURESFIGURE SHOW WIDE VARIABILITY IN POLLUTANT

EMISSIONSEMISSION BY EACH ENGINE TYPE THISTHI SUGGESTSSUGGEST CLOSER EXAMINATION OF

EACH INDIVIDUAL POLLUTANT
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XL AIR FORCE COMPARISONSCOMPARISON OF JET ENGINE AIR

POLLUTION EMISSIONSEMISSION

AT THE REQUEST OF THE NATIONAL CENTER FOR AIR POLLUTION CONTROL
PUBLIC HEALTH SERVICE AND AT THE DIRECTION OF THE SURGEONSSURGEON
OFFICE OF THE ENVIRONMENTAL HEALTH LABORATORY KELLY AIR FORCE

BASE AIR FORCE LOGISTICSLOGISTIC COMMAND CONDUCTED TESTSTEST TO MEASURE AND

CHARACTERIZE EXHAUST PRODUCTSPRODUCT OF THREE REPRESENTATIVE AIR FORCE

JET ENGINESENGINE WHICH HAVE COUNTERPARTSCOUNTERPART IN CIVILIAN AIRLINESAIRLINE 8 THE

THREE ENGINESENGINE TESTED WERE THE T56 TURBOPROP ENGINE USED TO POWER
THE CL30 LOCKHEED AND THE LOCKHEED ELECTRA THE J57 CONVENTIONAL

JET ENGINE PRATT AND WHITNEY USED ON THE B52 AND BOEING 707 AND

THE TF33 FAN JET ENGINE PRATT AND WHITNEY USED ON THE BOEING 707
720 AND DOUGLASDOUGLA DC8

TESTSTEST WERE CONDUCTED IN ENGINE TEST CELLSCELL OPERATED BY THE AIR FORCE
THE INFORMATION WAS INTENDED FOR USE IN PREPARING ESTIMATESESTIMATE OF POLLU
TION EMISSIONSEMISSION FROM JET ENGINE AIRCRAFT OPERATION JP4 TYPE FUEL

WAS USED IN ALL OF THE TESTS

TABLE SHOWSSHOW BREAKDOWN OF POLLUTION EMISSIONSEMISSION FOR EACH ENGINE
TYPE USING POWER SETTINGSSETTING FOR TAKEOFF CRUISE AND APPROACH AND

IDLE OXYGEN AND CARBON DIOXIDE POLLUTANTSPOLLUTANT ARE EXPRESSED IN PERCENT
AGESAGE WHILE THE REMAINING POLLUTANTSPOLLUTANT ARE EXPRESSED IN PARTSPART PER MILLION
TABLE SHOWSSHOW SIRNI LAR BREAKDOWN EXCEPT THAT POLLUTANTSPOLLUTANT ARE MEASURED
IN POUNDSPOUND PER HOUR

DATA VALUESVALUE OBTAINED FOR AL CONTAMINANTSCONTAMINANT IN TABLESTABLE AND REPRESENT
AVERAGE EMISSION RATESRATE OVER PERIOD OF 10 TO 30MINUTE INTERVALS

SAMPLESSAMPLE WERE NOT TAKEN DURING ACCELERATION OR DECELERATION MODESMODE
BECAUSE LARGE VARIATIONSVARIATION IN EXHAUST COMPOSITION WERE OBSERVED DURING
THESE PERIODS OXIDE OF NITROGEN EMISSIONSEMISSION MAINLY TAKE THE FORM OF

NITRIC OXIDE IN TF33 EXHAUST THE VOLUMEPERCENT OF NITRIC OXIDE
IN THE TOTAL NITROGEN OXIDESOXIDE VARIED FROM 82 TO 93 WHI LE IN J57
EXHAUST THE PERCENT COMPOSITION VARIED FROM 62 TO 76 DEPENDING UPON

ENGINE POWER SETTING PERCENT COMPOSITION OF NITRIC OXIDE WAS

GREATEST AT TAKEOFF POWER SETTING AND LOWEST AT IDLE POWER SETTING

OLEFIN AND AROMATIC CHARACTERIZATIONSCHARACTERIZATION OF EXHAUST HYDROCARBONSHYDROCARBON WERE
PERFORMED AT IDLE SETTING ONLY SINCE ANALYSISANALYSI AT OTHER POWER SETTINGSSETTING
INVOLVED ANALYTICAL MEASUREMENTSMEASUREMENT BEYOND THE LOWER LIMITSLIMIT OF THE FLAME

IONIZATION DETECTOR PHOTOCHEMICAL LY REACTIVE HYDROCARBON CONTENT
OLEFINSOLEFIN AND AROMATICSAROMATIC OF 156 J57 AND TF33 EXHAUST REPRESENTED
35 51 AND 40 RESPECTIVELY OF THE TOTAL HYDROCARBONSHYDROCARBON EMITTED
OLEFIN CONTENT WAS SIGNIFICANTLY GREATER THAN AROMATIC CONTENT IN

TF33 EXHAUST EMISSIONSEMISSION OF REACTIVE HYDROCARBONSHYDROCARBON ARE PARTICULARLY
IMPORTANT TO EMISSION STUDIESSTUDIE RELATED TO PHOTOCHEMICAL TYPE SMOG
PROB EMS

THE PRINCIPAL ALDEHYDE PRESENT IN JET ENGINE EXHAUST IS FORMALDEHYDE
FROM TABLE IT CAN BE SEEN THAT THE FORMALDEHYDE CONTENT OF THE
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ALDEHYDESALDEHYDE MEASURED WAS GREATER THAN 70 IN J57 AND T56 ENGINESENGINE
EXCEPT AT TAKEOFF SETTING IN THE T56 EXHAUST WHEN THE FORMALDE
HYDE CONTENT WAS 27 CARBON MONOXIDE AND HYDROCARBON CONCENTRATIONSCONCENTRATION
IN EXHAUST PRODUCTSPRODUCT GENERALLY INCREASED WITH DECREASING ENGINE POWER

SETTINGSSETTING WHILE NITROGEN OXIDE CONCENTRATIONSCONCENTRATION GENERALLY INCREASED
WITH INCREASING POWER SETTINGS

ODOR DILUTION THRESHOTD FOR JET ENGINE EXHAUST VARIED FROM 15 TO

1000 DEPENDING UPON ENGINE TYPE AND POWER SETTING ODOR DILUTION
THRESHOLD IS GREATEST FOR THE FANJET ENGINE AT IDLE POWER SETTING

DATA OBTAINED ON PARTICULATE EMISSIONSEMISSION FROM JET ENGINESENGINE DURING THISTHI
STUDY ARE LIMITED ESPECIALLY THOSE OBTAINED FROM T56 AND J57
ENGINES SUFFICIENT DATA TO PROVIDE REPRESENTATIVE VALUE WERE
OBTAINED ONLY FOR THE TF33 ENGINE THE IRREGULAR NATURE OF PARTI
CULATE EMISSIONSEMISSION RESULTING FROM DEPOSITION OF SOOT ON BURNER CANSCAN
AND SUBSEQUENT SPORADIC DISCHARGE COMPLICATED COLLECTION OF REPRE
SENTATIVE SAMPLES FURTHER TESTSTEST ON EMISSIONSEMISSION OF PARTICULATESPARTICULATE FROM
TF33 ENGINESENGINE WOULD BE DESIRABLE AND FURTHER TESTSTEST ON THE OTHER TWO

ENGINESENGINE ARE NECESSARY TO OBTAIN PARTICULATE EMISSION FACTORS

XII COMMERCIAL AIR TRAFFIC FIGURESFIGURE FOR SEATTLETACOMA
AIRPORT IN 1969

IN 1969 THERE WERE 108111 COMMERCIAL TAKEOFFSTAKEOFF AND LANDINGSLANDING AT
SEATTLETACOMA AIRPORT THESE FIGURESFIGURE DO NOT INCLUDE LIGHT ITINE
RANT OR MILITARY AIRCRAFT 9 PORT OF SEATTLE AIRCRAFT LANDING
RECORDSRECORD 10 FOR 1969 WERE EXAMINED TO DETERMINE TYPESTYPE OF AIRCRAFT
USED NINETY PERCENT OF THE TOTAL COMMERCIAL TRAFFIC AT THE AIRPORT
DURING 969 WAS JETTYPE AIRCRAFT THE REMAINDER OF THE TRAFFIC
CONSISTED OF ELECTRASELECTRA AND VISCOUNTSVISCOUNT WITH FEW HERCULESHERCULE AND AN
OCCASIONAL CONSTELLATION AIRCRAFT TRAFFIC COUNTSCOUNT WERE COMPILED
EVERY MONTHSMONTH FOR PURPOSESPURPOSE OF CLASSIFYING AIRCRAFT TYPES TABLE
PRESENTSPRESENT AIR TRAFFIC FIGURESFIGURE FOR THE AIRPORT IN 1969

XIII JET AIRCRAFT TIME STUDY COMPARISONSCOMPARISON

ONE HUNDRED TWENTY AIRCRAFT LANDINGSLANDING AND DEPARTURESDEPARTURE AT SEATTLETACOMA
WERE CLOCKED WITH STOPWATCH TO OBTAIN REPRESENTATIVE FIGURESFIGURE FOR
AIR POLLUTION COMPUTATIONS AVERAGE TIMESTIME WERE COMPUTED FOR TAXIING
HOLDING LANDING RUN CLIMBOUT TO 3500 FEET AND APPROACH FROM THE
SAME ALTITUDE RADIO CONTACTSCONTACT RADAR CONTACTSCONTACT AND TURNING PATTERNSPATTERN
WERE USED ALONG WITH VISUAL CONTACT TABLE IS COMPARISON OF TIME

THE BEGINNING POINT AT WHICH THE ODOR IS BEING DILUTED BY OTHER GASES
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STUDIESSTUDIE FROM THE LOS ANGELESANGELE DATA THE AIR FORCE STUDY AND

THE SEATTLETACOMA FIGURES

AVERAGE TIMESTIME OF THE AIR FORCE STUDY ARE ESTIMATED AND ARE BASED

UPON CLIMB TO OR DESCENT FROM 2500 FEET TIMESTIME FOR THE OTHER

TWO STUDIESSTUDIE ARE COMPUTED TIMESTIME AND ARE AVERAGED OVER SERIESSERIE OF

OPERATIONS TAXIING AND HOLDING TIMESTIME AT SEATTLE ARE APPRECIABLY
LOWER THAN AT LOS ANGELESANGELE WHILE TAKEOFF AND CLIMB AND APPROACH

TO TOUCHDOWN ARE SLIGHTLY HIGHER

AIRPLANE TYPESTYPE USED TO COMPUTE AVERAGE TIMESTIME IN THE LOS ANGELESANGELE
AND THE SEATTLE STUDIESSTUDIE ARE IDERITICAL AIRCRAFT TYPESTYPE IN THE AIR

FORCE STUDY ARE LIMITED TO THE B707 THE B720 AND THE DC8
THE DOUGLASDOUGLA DC9 WHICH WAS USED IN THE LOS ANGELESANGELE STUDY HAS HAD

ONLY LIMITED USE AT THE SEATTLETACOMA AIRPORT AND WAS NOT CONSI

DERED IN THE AIR FORCE STUDY AT ALL THE TOTAL NUMBER OF OBSERVA

TIONSTION RANGED FROM 70 IN THE LOS ANGELESANGELE STUDY TO 120 IN THE

SEATTLE STUDY

XIV ESTIMATED POLLUTION EMISSIONSEMISSION FROM JET OPERATIONSOPERATION

LOZANO MELVIN AND HOCHHEISER ESTIMATED POLLUTION EMISSIONSEMISSION FOR

CERTAIN JET ENGINESENGINE 8 THESE EMISSIONSEMISSION WERE BASED ON ESTIMATED
TIMESTIME FOR TAXIING TAKEOFF CLIMBOUT APPROACH AND LANDING RUN

AVERAGE ESTIMATED DEPARTURE TAXIING TAKEOFF CLIMBOUT TIMESTIME WERE
65 MINUTESMINUTE BASED UPON CLIMB TO 2500 FEET ARRIVAL TIMESTIME

APPROACH LANDING RUN TAXIING WERE ESTIMATED AT 95 MINUTESMINUTE FOR

DESCENT FROM 2500 FEET TO ARRIVAL AT TERMINAL TABLE SHOWSSHOW
ESTIMATED TOTAL POLLUTANT EMITTED IN POUNDS NOTE THE INCREASE IN

POLLUTANT EMISSION FOR ARRIVALSARRIVAL AS COMPARED TO DEPARTURES

XV LOCAL POLLUTION DISPERSION AREASAREA

HEAVIER AIRCRAFT POLLUTANTSPOLLUTANT ARE DISPERSED IN FAN SHAPED AREA FROM

EACH END OF THE MAIN RUNWAY MAXIMUM DISTANCESDISTANCE FROM THE END OF THE

RUNWAY AT WHICH POLLUTION WAS DETECTED WERE MILESMILE FOR TAKEOFFSTAKEOFF
AND 12 MILESMILE FOR APPROACHES

ON SOUTHBOUND DEPARTURESDEPARTURE FROM SEA1LETOCORNA FIGURE POLLUTION

WILL BE DISPERSED OVER AN AREA BOUNDED BY THE CITY LIMITSLIMIT OF KENT TO

THE SOUTHEAST STAR LAKE TO THE SOUTH AND THE NORTHERN TIP OF MAURY

ISLAND TO THE SOUTHWEST ON APPROACH TO TOUCHDOWN FROM THE SOUTH

LIMITSLIMIT OF POLLUTION WILL EXTEND FROM AUBURN TO LAKE KI LARNEY TO

DASH POINT

FOR NORTHBOUND DEPARTURESDEPARTURE POLLUTION WILL BE DISPERSED OVER AN AREA

BOUNDED BY ARBOR HEIGHTSHEIGHT TO THE NORTHWEST BOEING FIELD TO THE NORTH
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AND RENTON TO THE NORTHEAST APPROACHESAPPROACHE FROM THE NORTH WILL DISPERSE
POLLUTION OVER AN AREA BOUNDED BY EASTGATE THE ORIGINAL LAKE WASHING
TON FLOATING BRIDGE AND NORTHWESTWARD TO THE ALKI POINT LIGHTHOUSE

XVI AREA FUEL CONSUMPTION

AIRCRAFT FUEL CONSUMPTION IN THE UNITED STATESSTATE FOR THE YEAR 967 IS

ESTIMATED AT 19 106 GALLONSGALLON H THE LARGEST USER AREA IS THE

NORTHEAST SECTION OF THE COUNTY WHERE AN ESTIMATED 74 106 GAL IONSION
WILL BE CONSUMED THE SECOND LARGEST USER AREA IS THE FAR WEST
INCLUDING ALASKA HAWAII CALIFORNIA OREGON NEVADA ARIZONA AND

WASHINGTON CONSUMPTION IN THISTHI AREA IS EXPECTED TO BE 55 106

GAL IONSION OF AIRCRAFT FUEL SINCE 68 OF FUEL CONSUMPTION FALLSFALL INTO

THESE TWO AREASAREA IT WOULD BE REASONABLE TO EXPECT TO FIND HIGH RATE

OF AIR POLLUTION AS WELL

TABLE DEPICTSDEPICT AVERAGE FUEL CONSUMPTION RATESRATE IN POUNDSPOUND PER MINUTE
FOR EACH JET ENGINE MODEL TABLE SHOWSSHOW ANNUAL FUEL CONSUMPTION
FOR VARIOUSVARIOU AIRPORTSAIRPORT 12
TABLE 10 COMPARESCOMPARE ARRIVAL AND DEPARTURE FUEL CONSUMPTION AT LOS

ANGELESANGELE WITH THAI OF SEATTLE FOR THE THREE MOST COMMON ENGINE TYPESTYPE
FOR THE YEARSYEAR 196869 NOTE THAT CONSUMPTION IS GREATER AT SEATTLE
FOR JT3D3B AND JT8D7 ENGINESENGINE BUT AVERAGESAVERAGE SLIGHTLY LOWER FOR THE

50LD13 ENGINE DIFFERENCESDIFFERENCE ARE DUE TO VARIATIONSVARIATION IN ELAPSED ARRIVAL

AND DEPARTURE TIMESTIME AT THE TWO AIRPORTSAIRPORT FOR AIRCRAFT USING THE

ENGINESENGINE IN QUESTION

XVII AIRCRAFT EMISSION COMPARISONSCOMPARISON

DATA FROM TABLE 10 PROVIDE THE NECESSARY INFORMATION FOR COMPUTATION
OF AVERAGE RATESRATE OF EMISSION OF AIR CONTAMINANTSCONTAMINANT FOR THE SEATTLE
TACOMA AIRPORT BASED UPON THE LOS ANGELESANGELE STUDY THESE ARE SHOWN IN

TABLE IL

WHEN ALLOWANCESALLOWANCE FOR FASTER TAXI TIMESTIME ARE CONSIDERED SEE TABLE
AN AIRCRAFT DEPARTING FROM OR ARRIVING AT SEATTLETACOMA USESUSE ON THE

AVERAGE ABOUT 6 MORE FUEL THAN THE SAME AIRCRAFT AT LOS ANGELES AIR

CONTAMINANT EMISSIONSEMISSION SHOWN IN TABLE II HAVE BEEN ADJUSTED TO SHOW

THISTHI INCREASE IN FUEL CONSUMPTION TRAFFIC FIGURESFIGURE ALSO SHOW

SLIGHTLY HIGHER PERCENTAGE OF AIRCRAFT AT SEATTLE TO BE OF THE JET

TYPE THAN AT LOS ANGELES PLANESPLANE ARRIVING OR DEPARTING AT SEATTLE
HAD AN AVERAGE OF 357 ENGINESENGINE WHILE THE CORRESPONDING LOS ANGELESANGELE
FIGURE IS 344
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XVI II FUEL GRADESGRADE AND ADDITIVESADDITIVE

TESTSTEST WERE MADE IN LOS ANGELESANGELE USING FUEL ADDITIVE JP4 FUEL AND

CLEAN BURNER CANS THE FUEL ADDITIVE TO TURBINE FUEL CL2
DID NOT DECREASE CONTAMINANTSCONTAMINANT TO ANY DEGREE USE OF JP4 FUEL

REDUCED PARTICULATE MATTER BY 35 HYDROCARBONSHYDROCARBON AND ORGANIC GASESGASE

BY 79 AND SULFUR DIOXIDE BY 30 HOWEVER THERE WAS 33
INCREASE IN CARBON MONOXIDE AND 3 INCREASE IN OXIDESOXIDE OF NITROGEN
TO OFFSET THESE GAINS THE USE OF CLEAN OR SMOKELESSSMOKELES BURNER CANSCAN
PRODUCED THE LOWEST NUMBER OF CONTAMINANTSCONTAMINANT WITH TOTAL OF 14

POUNDSPOUND OF CONTAMINANTSCONTAMINANT FOR TURBOFAN JT8D7 ENGINE PER AVERAGE

FLIGHT USING TURBINE FUEL

XIX VISIBLE EMISSIONSEMISSION

THE VISIBLE SMOKE PLUME IS RESPONSIBLE FOR THE LARGEST NUMBER OF

COMPLAINTSCOMPLAINT OF JET AIRCRAFT AIR POLLUTION THE BOEING 727 WITH

THREE ENGINESENGINE IN CLOSE PROXIMITY PUTSPUT OUT CONCENTRATED SMOKE

PLUME THAT IS VISIBLE FOR MILES ALTHOUGH IT IS BOTH NECESSARY
AND DESIRABLE TO REDUCE THESE SMOKE PLUMESPLUME IT IS ALSO IMPORTANT
TO REDUCE OTHER AIR CONTAMINANTSCONTAMINANT AS WELL

THE USE OF SMOKELESSSMOKELES BURNER CANSCAN ON THE JT8D JET ENGINE THE ENGINE
USED IN THE BOEING 727 WILL REDUCE VISIBLE SMOKE DRASTICALLY

TESTSTEST IN LOS ANGELESANGELE REVEALED DECREASESDECREASE OF HYDROCARBONSHYDROCARBON AND ORGANIC

GASESGASE OF 99 WHILE PARTICULATESPARTICULATE AND CARBON MONOXIDE WERE REDUCED

BY 23 EACH THE ONE UNDESIRABLE EFFECT WAS 40 INCREASE IN

NITROGEN OXIDES SOME MEANSMEAN OF REDUCING THISTHI POLLUTANT MUST ALSO

BE FOUND

FIGURE SHOWSSHOW NEWSPAPER CLIPPINGSCLIPPING THAT REFLECT THE PROBLEM WITH

VISIBLE SMOKE THESE ARE TYPICAL OF THE TYPE OF ARTICLE THAT IS

APPEARING WITH GREATER FREQUENCY IN LOCAL PRESS

IT HAS BEEN POINTED OUT RECENTLY THAT ABSENCE OF BLACK SMOKE PLUME

WILL MAKE IT DIFFICULT TO SEE JET AIRCRAFT 13 THISTHI ARTICLE INFERSINFER

THAT NOT ONLY WILL IT BE MORE DIFFICULT TO SPOT AN APPROACHING JET

AIRCRAFT BUT THAT MORE AND MORE PLANESPLANE WILL FIND THEMSELVESTHEMSELVE IN THE

WAKE TURBULENCE OF PASSING AIRCRAFT BECAUSE THEY WILL BE UNABLE TO

SEE THEM THISTHI IS SERIOUSSERIOU PROBLEM THAT REQUIRESREQUIRE PROMPT SOLUTION

HOWEVER CONTINUED AIR POLLUTION DOESDOE NOT APPEAR TO BE THE PROPER
ANSWER

XX CONCLUSIONSCONCLUSION

THE OPERATION OF JET AIRCRAFT ENGINESENGINE PRODUCE AIR POLLUTION THISTHI
IS REAL PROBLEM TO PEOPLE WHO WORK AT OR RESIDE NEAR MAJOR AIRPORTS
THE APPROACH TO CONTROL OF THISTHI POLLUTION IS SIMILAR TO ONESONE USED IN

THE CONTROL OF MANY OTHER POI LUTION SOURCES
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AIRCRAFT ENGINE POLLUTION CAN BEST BE CONTROL LED THROUGH ENGINE MOD

FICATION AND FUEL SUBSTITUTION SOME SUCCESSSUCCES HAS ALREADY BEEN

ACHIEVED BY THESE MEANS GOALSGOAL SHOULD INCLUDE REDUCTION IN TH
AMOUNT OF ALL POLLUTANTS CONTROL WHICH PROVIDESPROVIDE SMAL REDUCTIONSREDUCTION

IN POT LUTANTSLUTANT IS SUPERIOR TO ONE WHICH REDUCESREDUCE THE CONCENTRATION

OF ONE POT LUTANT BUT INCREASESINCREASE ANOTHER

PROGRESSPROGRES IN THE SOLUTION OF JET ENGINE AIR POLLUTION PROBLEMSPROBLEM WILL

NOT COME OVERNIGHT COSTSCOST ARE HIGH AND NEW DEVELOPMENTSDEVELOPMENT ARE SLOW

UNFORTUNATELY HIGH AIR QUALITY IS NO LONGER FREE IT IS ONE OF THE

COSTSCOST OF DOING BUSINESS
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FIGURE 4 MAP OF SEATTLETACOMA AIRPORT VICINITY
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20 THURS FB 970 SEATTLE POS4LHIGENEER

UNITED AIR LINESLINE WILL MOD
IFY THE ENGINESENGINE ON 225 OF

ITS JETSJET TO REDUCE SMOKE

GEORGE KECK PRESIDENT AN
NOUNCED TUESDAY

THE ACTION WAS TAKEN AFT

ER THE GOVERNMENT SAID IT

WOULD ISSUE NEW RULESRULE ABOUT

AIRCRAFT SMOE EMISSIONS

THE PLANESPLANE INVOLVED IN

UNITEDSUNITED FLEET ARE BOEING
BUILT 737 TWINJETSTWINJET AND 727

TRIJETS THEY ARE EQUIPPED

WITH PRATT WHITNEY JT8D

ENGINES

KECK SAID THE JOB OF FIT

TING THEM WITH SMOKEPRE
VENTING EQUIPMENT WOULD

COST ABOUT 3 MILLION

THE PROJECT WIFI BEGIN
THISTHI SPRING AT THE AIRLINESAIRLINE

SAN FRANCISCO MAINTENANCE

BASE KECK SAID IT WILL BE

COMPLETED BY THE END OF

1972 THE EXECUTIVE SAID

ALTHOUGH AIRCRAFT CON
TRIBUTE LESSLES THAN ONE PER
CENT OF TOTAL ATMOSPHERIC

POLLUTANTSPOLLUTANT WE ARE ACTING ON

OUR CORPORATE RESPONSIBILITY

TO PARTICIPATE IN THE SOLU

TION OF ENVIRONMENTAL PROB
LEMS

THE ANTISMOKE

MEAT WILL COST 8000 FOR

EACH 737 AND 12000 FOR

EACH 727

REPRESENTATIVESREPRESENTATIVE OF 31 DO
MESTIC AIRLINESAIRLINE INCLUDING

UNITED MET WITH MEMBERSMEMBER
OF THE US DEPARTMENTSDEPARTMENT OF

TRANSPORTATION AND HEALTH

EDUCATION AND WELFARE ON

JANUARY 20 AND AGREED TO

INSTALL SMOKEREDUCTION DE
VICES

RI I CI

AIRLINE TIMETABLE ORDERED

TO END POLLUTION AT NEWARK

NEWARK 14 J UPI
SUPERIOR COURT JUDGE

REJECTING AIRLINE ARGUMENTSARGUMENT

FOR DELAY ORDERED NINE MA

JOR CARRIERSCARRIER FRIDAY TO PRO

DUCE LRM TIMETABLE FOR

ENDING POLLUTION PRODUCED BY

SOME 3001 PLANESPLANE USING

NEWARK AIRPORT

JUDGE NELSON K MINTZ

WARNED THE AIRLINESAIRLINE THAT II

THE II INTTABLE FOR CONVERTINF

POLLUTIONPRODUCING PLANESPLANE IS

NOT READY BY FEBRUARY LI

WILL HOLD SUMMARY HEARING

ON THE STATESSTATE COMPLAINT THAT

THEIR PLANESPLANE ARE POLLUTING THR

ATMOSPHERE

AIRLINE ATTORNEYSATTORNEY STATED

RIDAY IT MIGHT BE THE MID

970S970 BEFORE POLLUTION COULD

HE LIIIIINATED

BOSTON EXPLORESEXPLORE

SMOKELESSSMOKELES ENGINESENGINE

BOSTON UPI GOV

FRANCISFRANCI W SARGENT IN

NOVE TO CURB AIR POLLUTION

HAS REQUESTED THE MASSA

CHUSETTSCHUSETT PORT AUTHORITY TO

DISCUSSDISCUS WITH THE AIRLINESAIRLINE AT

LOGAN INTERNATIONAL AIRPORT

THE PI
SSIBIHTV OF INSI

SMOKELESSSMOKELES ENGULESENGULE UII TIAFT

JETS

SARGENT POINTED OUT FRI

LAY THAT SEVEN NIAI AIR

LINESLINE HAD AGREED TO USE

SMOKELESSSMOKELES ENGINESENGINE AT NEW

ARK AIRPORT AFTER NEW LET

SEY BROUGHT ST III AGA INST

THEM

UNITED TO REILUCE

SMOKE EMISSION

OF JET ENGINESENGINE
THE 727 WITH THE STANDARD JTBD ENGINE

UNBURNED CARBON POURED OUT BLACK SMOKE

AP PHOTOS

BOEING 727 TRIJET WITH MODIFIED ENGINE

VIRTUALLY NO SMOKE EMITTED DURING TAKEOFF

14
FIGURE
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EMISSION INDEX
OX IDESIDE

OPERATING HYDRO OF

ENGINE MODE CO CARBONSCARBON NITROGEN PARTICULATESPARTICULATE

TURBOFAN IDLE TAXI 50 96 20 06
MR JET

APPROACH 66 14 27 27

TAKEOFF 12 06 43 25

RADIAL IDLE 600 160

PISTON

TRANSPORT APPROACH 800 60

TAKEOFF 1250 190

AVERAGE AVERAGE
AUTO OVERALL 405 71 21

ENGINE MODESMODE

TABLE I COMPARISON OF AUTOMOBILE AND AIRCRAFT ENGINE EMISSIONSEMISSION POUNDSPOUND
OF POLLUTANT PER THOUSAND POUNDSPOUND OF FUEL

POWER PLANTSPLANT

MOTOR PERIOD PERIOD JET

VEHICLESVEHICLE AIRCRAFT

PARTICULATESPARTICULATE 43 II

CARBON

MONOXIDE
9282 NEG NEG 24

NITROGEN
624 135

OXIDESOXIDE

HYDROCARBONSHYDROCARBON 677

SULFUR
31 30 115

DIOXIDE

TOTALSTOTAL 11657 170 272 106

TABLE 2 AVERAGE DAILY EMISSIONSEMISSION TONSTON PER DAY LOS ANGELESANGELE COUNTY

15
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POWER SETTING AND ENGINE TYPETAKEOFF CRUISE AND IDLEAPPROACHPOLLUTANT T56 J57 TF33 T56 J57 TF33 T56 J57 TF33OXYGEN 167 171 175 180 90 196CARBON DIOXIDE 41 23 27 32 15 21 24 10 09CARBON MONOXIDE 34 32 40 55 30 109 130 195PPMOXIDESOXIDE OF NITROGEN
AS

NO2 PPM 43 59 27 27 39 15 12 13 II

NITRIC OXIDE PPM 37 44 25 30 13

IOTA HYDROCARBONSHYDROCARBONAS ATOMSATOMPPM 55 25 42 101 152 700OLEFINSOLEFIN ASATOMSATOM PPM 25 38 220AROMCTCSAROMCTC ASATOMSATOM PPM 10 39 60

TOTAL ALDEHYDESALDEHYDE
AS

HCHO PPM 41 08 06 20 08 03 48 25 21FORMALDEHYDE PPM 11 05 19 05 35 24

TABLE 3 POLLUTION EMISSIONSEMISSION FROM JET AIRCRAFT

C
C

CFL



C
CN

I
I

T56

POWER
J57 TF33

SETT CRUISE
T56

NG AND ENGI NE

AND APPROACH
J57 TF33 T56

TYPE
J57 TF33

DIOXIDE 6800 20000 27900 5300 12000 14000
127

3100
62

2500
209

2100
281MONOXIDE 36 75 30 47 276NITROGEN 75 538 284 346 321 104 11 34 26

OXIDE 64 442 263 246 90

30

21
105

14
432HYDROCARBONSHYDROCARBON 03 12 24 01 11 93

07 26 36ATOMSATOM 03 27 37ATOMSATOM 02 04 32ALDEHYDESALDEHYDE 05 04 02 04

02 0402 04 02 03

2462 108

600 1000DILUTION LOU 600 75

600 IS

TABLE 4 COMPARISON SIMILAR TO TABLE EXCEPT THAT THE POLLUTANTSPOLLUTANT ARE MEASURED IN LBHR



AIRCRAFT TYPE LANDINGSLANDING TAKEOHSTAKEOH OF TOTAL

DC8 7875 7875 14

BOEING 720 13839 13839 26

BOEING 727 19581 19581 36

BOEING 737 741 741

707 100 200 2289 2289

707 300 SERIESSERIE 4512 4512

ELECTRASELECTRA AND

VISCOUNTSVISCOUNT 5218 5219 10

TABLE 5 SEATTLETACOMA AIRPORT TRAFFIC 969

OPERATION AIR FORCE LOS ANGELESANGELE SEATTLE

TAXI AND HOLDING 40 68 48
TAKEOFF AND

CLIMB TO 3500 25 26 30
APPROACH TO

TOUCHDOWN FROM
3500 45 41 47

LANDING RUN AND

TAXI TO TERMINAL 50 62 58

TABLE 6 OPERATIONAL TIMESTUDIESTIMESTUDIE FOR AIR FORCE LOS ANGELESANGELE AND
SEATTLETACOMA AIRPORT IN MINUTES

18
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FOR FOURENGINE

FOR ENGINES

NO WATER

TABLE 7

LB

NITROGEN HYDRO ALDEHYDESALDEHYDE

OXIDESOXIDE CARBONSCARBON AS PARTIC

CO AS NO2
AS CH4 HCHO ULATESULATE

DEPARTURE
T56 ELECTRA 24 19 10 014

J57 707 84 99 30 019

TF33 707

720 DCB 80 52 120 100 34

ARRIVAL

T56 ELECTRA 35 22 12 013

J57 707 152 107 38 025

TF33 707
720 DCB 126 40 170 120 40

AIRCRAFT REDUCE BY 25 FOR ENGINESENGINE AND BY 50

INJECTION USED IN J57 DURING TAKEOFF

ESTIMATED POLLUTION EMISSIONSEMISSION FROM JET AIRCRAFT DURING

DEPARTURE AND ARRIVAL

19
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JET ENGINEMODEL

TYPE OFENGINE COMMENTSCOMMENT TYPE OF FUELUSED IN TEST

AVERAGE FUEL CONSUMPTION RATESRATEPOUNDSPOUND PER MINUTETAXIING APPROACH CLIMBOUT TAKEOFF

JT3D3B TURBOFANJT3D3B TURBOFAN

JT8DI TURBOFAN

JT8D7 TURBOFAN

JT8DI TURBOFANCJ8053B TURBOJET

JT3C6 TURBOJET

501D13 TURBOPROP

BASED ON

METERED FUEL
NO ADDITIVE

CI2 ADDED
SMOKELESSSMOKELES

DRY
WATER INJECTION

USAGE RATESRATE

TURBINE LB 48

TURBINE 18 49

TURBINE 16 72

TURBINE 18 66

JP4 20 63

TURBINE 20 62

TURBINE 28 100

TURBINE 24OBTAINED DURING APCD TESTS

32
131

121
105

34
155

27

161
160

123
42

25
148

200
34

NJ

TABLE 8 FUEL CONSUMPTION RATESRATE OF GAS TURBINE ENGINESENGINE BASED ON LOS ANGELESANGELE STUDY

C
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AIRPORT RANK 1968 1969 1970 1976

PROJECTED PROJECTED

JFK 1057399 1184695 1298432 1451771
LAX 765514 916522 1147219 1144492

ORD 736633 854086 958988 1036902
SF0 560734 634909 696033 758673
MIA 409572 476880 540314 602459
DAL 259716 287829 327268 361137
ATL 228835 290478 337345 371030
SEA 203054 243466 283610 312932
DEN 197118 249399 296483 310658
EWR 10 160954 208307 231034 250701

TABLE 9 ANNUAL FUEL CONSUMPTION FOR VARIOUSVARIOU AIRPORTSAIRPORT GALLONS

FUEL CONSUMPTION COMPARISON

TACOMA AIRPORTSAIRPORT 196869

TOTAL FUEL CONSUMPTION IN POUNDSPOUND PER ENGINE

ENGINE MODEL DEPARTURE ARRIVAL AVERAGE
LAX SEA LAX SEA LAX SEA

JT3D3B 4946 5114 3084 3300 4015 4207

JT8D7 4580 4704 3822 4146 4201 4425

501D13 1860 648 1976 2056 1918 1852

TABLE 10 BETWEEN LOS ANGELESANGELE AND SEATTLE

21
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GAS TURBINE AIR CONTA MINANT EMI SSIONSSSION IN POUNDSPOUND PER AVERAGE FLIGHTAIRCRAFT ENGINETYPE USING TUR OXIDESOXIDE OF HYDROCARBONSHYDROCARBON OXIDESOXIDE OFBINE FUEL NUMBER OF

JET ENGINESENGINE PARTICULATE MATTER

CARBONMONOXIDE NITROGEN
AS NO2

AND ORGANICGASESGASE

SULFUR
AS SO2

TOTALROUNDED

PRATT WHITNEY 204 279 132 1837 43 250TURBOFAN JT8DI 153102
51

209 139 70

99
6633

1378 920459

32 22
11

187
125

62

GENERAL ELECTRIC 210 355 104 1239 47 196TURBOJET DRY 57 266 79 929 35 147CJ8053B 04
52

177 88

522

620310

23 12

98
49

PRATT WHITNEY 155 533 120 342 42 119TURBOFAN JT3D3B 17 398 90 257 32 8978 267 59 171 21 6039 133 30 86 11 30

PRATT WHITNEYTURBOJET WETJT3C6

244 183122 62

427320213 106

102 76
51

25

96724824

685134
17

94
70

47
23

GENERAL MOTORSALLISONTURBOPROP 501DI3 123 92
6231

3930
20 10

102 775126

564229
14

21
16

11
05

34
26

17

SEA JET MIX 57 179 380 115 969 40 168

AVERAGE FLIGHT FROM GAS TURBINE ENGINE POWERED AIRCRAFTC
C

CRI

TABLE II AVERAGE RATESRATE OF EMISSION OF AIR CONTAMINNISCONTAMINNI IHI

AT THE SEATTLETACOMA INTERNATIONAL AIRPORT



WESTERN REGION TECHNICAL MEMORANDA CONTINUED

NO 28 WEATHER EXTREMES R J SCHMIDLI APRIL 1968 PB178 928

NO 29 SMALLSCALE ANALYSISANALYSI AND PREDICTION PHILIP WILLIAMSWILLIAM JR MAY 968 PBL78 425

NO 30 NUMERICAL WEATHER PREDICTION AND SYNOPTIC METEOROLOGY CAPT THOMASTHOMA D MURPHY USAF
MAY 1968 AD673 365

NO 3J PRECIPITATION DETECTION PROBABILITIESPROBABILITIE BY SALT LAKE ARTC RADARS ROBERT K BELESKY

JULY 1968 PBL79 084

NO 32 PROBABILITY FORECASTING IN THE PORTLAND FIRE WEATHER DISTRICT HAROLD S AYER

JULY 1968 PBL79 289

NO 33 OBJECTIVE FORECASTING PHILIP WILLIAMSWILLIAM JR AUGUST 968 AD680 425

NO 34 THE WSR57 RADAR PROGRAM AT MISSOULA MONTANA R GRANGER OCTOBER 1968 PBL80 292

NO 35 JOINT ESSAFAA ARTC RADAR WEATHER SURVEILLANCE PROGRAM HERBERT P BENNER AND DEVON B
SMITH DECEMBER 1968 AD68L 857

NO 35 TEMPERATURE TRENDSTREND IN SACRAMENTOANOTHER HEAT ISLAND ANTHONY C LENTINI

FEBRUARY 1969 PBL83 055
NO 37 DISPOSAL OF LOGGING RESIDUESRESIDUE WITHOUT DAMAGE TO AIR QUALITY OWEN P CRAMER MARCH

969 PB183 057
NO 38 CLIMATE OF PHOENIX ARIZONA R J SCHMIDLI P C KANGIESER AND R S INGRAM APRIL

969 PB184 295
NO 39 UPPERAIR LOWSLOW OVER NORTHWESTERN UNITED STATES A L JACOBSON APRI 1969

PBL84 296
NO 40 THE MANMACHINE MIX IN APPLIED WEATHER FORECASTING IN THE L970S L W SNELLRNAN

AUGUST 969 PBL85 068
NO 41 HIGH RESOLUTION RADIOSONDE OBSERVATIONS W W JOHNSON AUGUST 1969 PBLBSPBLB 673

NO 42 ANALYSISANALYSI OF THE SOUTHERN CALIFORNIA SANTA ANA OF JANUARY 1517 1966 BARRY B
ARONOVITCH AUGUST 1969 P8185 670

NO 43 FORECASTING MAXIMUM TEMPERATURESTEMPERATURE AT HELENA MONTANA DAVID E OLSEN OCTOBER 1969

PB185 762
NO 44 ESTIMATED RETURN PERIODSPERIOD FOR SHORTDURATION PRECIPITATION IN ARIZONA PAUL C KANGIESER

OCTOBER 969 PB187 763
NO 45I PRECIPITATION PROBABILITIESPROBABILITIE IN THE WESTERN REGION ASSOCIATED WITH WINTER 500MB MAP

TYPES RICHARD P AUGULIS DECEMBER 1969 P8188 248
NO 452 PRECIPITATION PROBABILITIESPROBABILITIE IN THE WESTERN REGION ASSOCIATED WITH SPRING 500MB MAP

TYPES RICHARD P AUGULIS JANUARY 1970 P8189 434

NO 453 PRECIPITATION PROBABILITIESPROBABILITIE IN THE WESTERN REGION ASSOCIATED WITH SUMMER 500MB MAP

TYPES RICHARD P AUGULIS JANUARY 1970 PBL89 414
NO 454 PRECIPITATION PROBABILITIESPROBABILITIE IN THE WESTERN REGION ASSOCIATED WITH FAIL 500MB MAP TYPES

RICHARD P AUGULIS JANUARY 970 PB189 435
NO 46 APPLICATIONSAPPLICATION OF THE NET RADIOMETER TO SHORTRANGE FOG AND STRATUSSTRATU FORECASTING AT EUGENE

OREGON L YEE AND E BATES DECEMBER 1969 P8190 476

NO 47 STATISTICAL ANALYSISANALYSI AS FLOOD ROUTING TOOL ROBERT J C BURNASH DECEMBER 1969

P8188 744
NO 48 TSUNAMI RICHARD P AUGULIS FEBRUARY 970 PBL90 157

NO 49 PREDICTING PRECIPITATION TYPE ROBERT J C BURNASH AND FLOYD E HUG MARCH 1970

P8190 962
NO 50 STATISTICAL REPORT OF AEROAL IERGENSIERGEN POLLENSPOLLEN AND MOLDSMOLD FORT HUACHUCA ARIZONA 1969

WAYNE S JOHNSON APRIL 970 PBL9L 743
NO 51 WESTERN REGION SEA STATE ARID SURF FORECASTERSFORECASTER MANUAL GORDON C SHIELDSSHIELD AND GERALD B

BURDWELL JULY 970 PBI93 102

NO 52 SACRAMENTO WEATHER RADAR CLIMATOLOGY R C PAPPASPAPPA AND C M VELIQUETTE JULY 1970

PBL93 347

NO 53 EXPERIMENTAL AIR QUALITY FORECASTSFORECAST IN THE SACRAMENTO VALLEY NORMAN S BERIES AUGUST

1970 P3194 128

NO 54 REFINEMENT OF THE VORTICITY FIELD TO DELINEATE AREASAREA OF SIGNIFICANT PRECIPITATION

BARRY B ARONOVITCH AUGUST 1970

NO 55 APPLICATION OF THE SSARR MODEL TO BASIN WITHOUT DISCHARGE RECORD VAIL CHERMERHORN

AND DONALD W KUEHL AUGUST 1970 P8194 394
NO 56 AREA COVERAGE OF PRECIPITATION IN NORTHWESTERN UTAH PHILIP WILL IAMSIAM JR AND WERNER

HECK SEPTEMBER 970 PBL94 389
NO 57 PRELIMINARY REPORT ON AGRICULTURAL FIELD BURNING VS ATMOSPHERIC VISIBILITY IN THE

WI LAMETTE VALLEY OF OREGON EARL N BATESBATE AND DAVID 0 CHI ICOTE SEPTEMBER 970

OUT OF PRINT
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